Purpose: Radiotherapy using grids containing cm-wide beam elements has been carried out sporadically for more than a century. During the past two decades, preclinical research on radiotherapy with grids containing small beam elements, 25 lm-0.7 mm wide, has been performed. Grid therapy with larger beam elements is technically easier to implement, but the normal tissue tolerance to the treatment is decreasing. In this work, a new approach in grid therapy, based on irradiations with grids containing narrow carbon-ion beam elements was evaluated dosimetrically. The aim formulated for the suggested treatment was to obtain a uniform target dose combined with well-defined grids in the irradiated normal tissue. The gain, obtained by crossfiring the carbon-ion beam grids over a simulated target volume, was quantitatively evaluated. Methods: The dose distributions produced by narrow rectangular carbon-ion beams in a water phantom were simulated with the PHITS Monte Carlo code. The beam-element height was set to 2.0 cm in the simulations, while the widths varied from 0.5 to 10.0 mm. A spread-out Bragg peak (SOBP) was then created for each beam element in the grid, to cover the target volume with dose in the depth direction. The dose distributions produced by the beam-grid irradiations were thereafter constructed by adding the dose profiles simulated for single beam elements. The variation of the valley-to-peak dose ratio (VPDR) with depth in water was thereafter evaluated. The separation of the beam elements inside the grids were determined for different irradiation geometries with a selection criterion. Results: The simulated carbon-ion beams remained narrow down to the depths of the Bragg peaks. With the formulated selection criterion, a beam-element separation which was close to the beam-element width was found optimal for grids containing 3.0-mm-wide beam elements, while a separation which was considerably larger than the beam-element width was found advantageous for grids containing 0.5-mm-wide beam elements. With the single-grid irradiation setup, the VPDRs were close to 1.0 already at a distance of several cm from the target. The valley doses given to the normal tissue at 0.5 cm distance from the target volume could be limited to less than 10% of the mean target dose if a crossfiring setup with four interlaced grids was used. Conclusions: The dose distributions produced by grids containing 0.5-and 3.0-mm wide beam elements had characteristics which could be useful for grid therapy. Grids containing mm-wide carbonion beam elements could be advantageous due to the technical ease with which these beams can be produced and delivered, despite the reduced threshold doses observed for early and late responding normal tissue for beams of millimeter width, compared to submillimetric beams. The treatment simulations showed that nearly homogeneous dose distributions could be created inside the target volumes, combined with low valley doses in the normal tissue located close to the target volume, if the carbon-ion beam grids were crossfired in an interlaced manner with optimally selected beam-element separations. The formulated selection criterion was found useful for the quantitative evaluation of the dose distributions produced by the different irradiation setups.
INTRODUCTION
Soon after x rays began to be used for radiotherapy, biological experiments with grid irradiations were initiated. 1 The radiation grids produced alternating peak and valley doses in the irradiated tissue. It was found that the skin could repair radiation damage well if irradiated with multiple mm-wide xray beams, if the skin in-between the beam elements was maintained unirradiated. This finding led to the birth of gridbased radiation therapy (RT). In later studies, a high tissue tolerance to grid irradiations with narrow mm-wide beams was observed also for more deep-seated tissues, if the valley doses produced in those tissues were maintained at low levels. 2 During the past century, grid therapy has occasionally been used for patient treatments at a few clinics around the world. 3, 4 Typically, large advanced cancers have been treated with an x-ray grid incident from one direction. Two main parameters are defining the grids used, the beam-element size and the separation between the beam elements inside the grid (the center-to-center (c-t-c) distance).
By the middle of the past century, Zeman et al. (1961) showed that the threshold dose to damage the mouse cerebral cortex was considerably higher if the tissue was irradiated with microbeams, compared with mm-wide beams. 5 In later studies related to radiation-induced tissue reactions in the human skin and pig skin, and in the spinal cord of rats, the so-called dose-volume effect, i.e., the increase in the tissue tolerance doses with a decrease of the tissue volumes irradiated, 6 was characterized for beam diameters from a few mm up to 40.0 mm. The tolerance doses were found to be significantly higher for mm-wide beams, compared to cm-wide beams, for the endpoints studied.
More recently, grid therapy has been evaluated in preclinical animal trials by using grids of highly collimated, 25-50 lm-wide rectangular x-ray beams, spaced by 0.4 mm or less. 7, 8 These studies have been made possible with the arrival of synchrotron x-ray beams which are parallel and of high energy and fluence rate. This form of grid therapy has been given the name microbeam radiation therapy. The tolerance of the normal tissue, e.g., the cerebral-nervous system (CNS), to irradiations with x-ray microbeam grids with peak doses up to several hundred Gy, has been found to be extremely high. New irradiation geometries, e.g., interlaced-crossfiring, 9 have been developed and evaluated for microbeam therapy.
The possibility to perform therapy with grids containing beam elements of widths somewhat smaller than 1.0 mm (0.3-0.7 mm) has also been studied. This kind of beam elements are sometimes called "minibeams". [10] [11] [12] [13] [14] [15] One advantage of minibeam grid therapy, compared to microbeam grid therapy, is the comparative ease of minibeam production and treatment delivery, due to reduced requirements on the beam fluence rate and divergence. The dose profiles, produced by these minibeams, are also less affected by potential dose smearing due to setup errors and organ motion. However, it is a well-known fact that the tissue tolerance is reduced when increasing the beam-element width from 0.05 mm to 0.5 mm. 16 Several studies related to minibeam grid therapy with light ions have recently been carried out. [11] [12] [13] [14] [15] In two recent articles, grids containing mm-and cm-wide proton beam elements was also proposed for grid therapy. 17, 18 Carbon-ion beams provide many advantages in the treatment of cancer, compared to photons. [19] [20] [21] [22] [23] The Bragg peak in the dose distribution is very sharp at the end of the finite particle range and the angular scattering is less pronounced than for example for proton beams. 21 Accelerated carbon-ions are categorized as high-LET particles and are associated with a higher RBE (relative biological effectiveness) than photons and protons. The LET and RBE gradually increase with depth. 20, 22 The elevated RBE have been shown to enable efficient treatment of radioresistant tumors. 23 In this work, we investigated further the possibility of combining carbon-ion RT with grid therapy. We studied the dose distributions produced in water by single carbon-ion beams of widths in the range from a fraction of a mm (socalled minibeams 11 ) up to several mm (beam widths which are technically easier to produce and deliver and which are closer to those which have been used for clinical grid treatments in the past). Thereafter, we investigated a new therapeutic approach based on the possibility to obtain clinically useful dose distributions, i.e., a uniform dose in the target volume combined with low valley-to-peak dose ratios (VPDRs) throughout the normal tissue traversed by the grids, by crossfiring carbon-ion beam grids over a hypothetical target volume. The optimal c-t-c distance for each irradiation setup evaluated was then determined with a selection criterion, defined in Section 2.D. The RBE produced by carbonion beams was not considered in the present work and the evaluation/estimation of its importance for the suggested grid therapy was left for a future study.
MATERIALS AND METHODS

2.A. Monte Carlo simulations
The transport of carbon-ion beams in water, of different energies and widths, was simulated with the Monte Carlo code PHITS (Particle and Heavy Ion Transport code System), version 2.88. Table I shows a summary of the physical models used in this study for simulating the nuclear and atomic reactions. The cutoff energies were set to 10 À3 MeV for charged particles and 10 À10 MeV for neutrons. A Gaussian function was used to describe the fluence distribution within each beam element. The simulated carbonion beams were of rectangular shape with a constant beam height of 2.0 cm full width at half maximum (FWHM), while the beam widths varied in the interval from 0.5 to 10.0 mm (FWHM). A Gaussian-distributed spread in kinetic energy of the incident carbon-ions of 1.0% and a beam divergence of 1 mrad was assumed, as in other similar studies. 25, 26 A water phantom, of size 200 9 200 9 200 mm 3 , was used as simulation geometry. The dose was scored in a 2.5 mm thick plane of the phantom from À2.0 to 2.0 cm in the lateral Medical Physics, 45 (3), March 2018 direction, as illustrated in Fig. 1 . Two different voxel sizes were used for the dose scoring, depending on the purpose of each substudy:
(1) To obtain the depth-dose curves for various beam sizes, a voxel size of 50 lm 9 2.5 mm 9 50 lm (width 9 height 9 depth) was chosen. (2) For the study of dose distributions produced by the carbon-ion beam-grid irradiations, a voxel size of 0.2 mm 9 2.5 mm 9 0.2 mm (width 9 height 9 depth) was chosen for the 3.0-mm wide beam while the same scoring size as in (1) was used for the 0.5 mm-wide beams. The extension of the dose scoring in lateral direction was AE2.0 cm.
The number of simulated primary carbon-ions was 2.0 9 10 7 in each substudy. The statistical uncertainty in the calculated dose was less than 0.7% at the Bragg peak.
2.B. Calculation of the SOBP
For the clinical use of carbon-ion beams, it is necessary to create a spread-out Bragg peak (SOBP), which is a weighted superposition of the incident beam-energy components. For each beam element in the grid, a calculation of the weight of each beam-energy component was therefore performed. The SOBP was adapted to cover a hypothetical cubic target volume of side length 2.0 cm, located at the center of the water phantom [ Fig. 2(a) ]. The SOBP was created with the formula developed by Bortfeld et al., and later improved by Jette et al. 27, 28 by adding simulated depth-dose profiles for carbonions with initial kinetic energies distributed in n equally spaced energy intervals. The weights w k corresponding to each carbon-ion energy component k, were calculated with the following equation for k = 0, 1, . . ., n:
where p is a parameter related to the lateral charged-particle equilibrium, which has to be specifically determined for each beam size. We determined the weights w k by increasing the p value in steps of 0.001 until the dose within the SOBP varied with less than 3%. The kinetic energy of the carbon-ions varied in the interval 204.8 MeV/u-230.5 MeV/u, corresponding to a range in water of 9.0-11.0 cm. A total of 21 different beam-energy components (n = 20) were used to produce the SOBP.
2.C. The carbon-ion beam-grid irradiation setup
Carbon-ion beam grids, wide enough to cover the target in the transversal direction, were constructed by adding simulated dose profiles obtained for a single carbon-ion beam. An addition/superposition method described by Siegbahn et al. (2006) 
2.D Selection of the beam-element c-t-c distance
The beam-element c-t-c distances which were considered optimal in this work were those providing the minimum VPDRs in the normal tissues (VPDR NT ). The VPDR was scored as close to the target as possible (a distance of 0.5 cm from the target volume was chosen to avoid the sharp dose gradients in its immediate vicinity). Constraints were also set for the target dose uniformity and the target-to-entrance dose ratio. The following criterion was formulated: Objective: Minimize VPDR NT Subject to:
In this study, the VPDR NT was evaluated for the centermost peak and valley doses in the grid. MaxD T , MinD T , and meanD T are the maximum, minimum, and average (prescribed) doses inside the target volume, respectively. D E is the maximum dose at the entrance surface. Constraint (2) was set in order to produce a uniform target dose. The uniformity limits were decided based on the recommendations issued in ICRU report 83. 30 Constraint (3) was defined to make sure that the target dose was higher than the entrance dose. It was defined to avoid an extreme setup in which the separation of the beam elements is very large, resulting in a very high fluence of carbon-ions being transported through the remaining beam elements. Figure 3 shows the depth-dose curves in water for 204.8 MeV/nucleon carbon-ion beams of different beam widths. The depth-dose curves were normalized to the entrance dose. For beam widths smaller than 1 mm, the Bragg peak dose decreases rapidly due to the lack of lateral charged-particle equilibrium. From the physical point of view, a large beam width could be regarded as advantageous because of the increased dose produced at the depth of the Bragg peak. The depth-dose curves for carbon-ion beams also show a fragmentation tail beyond the depth of the Bragg peak. These fragments consist of low-and intermediateenergy hydrogen-, helium-, lithium-, beryllium-and boronions. 21 This dose tail is of reduced height for the narrowest beams simulated, compared to what is observed for broader carbon-ion beams, also due to the absence of lateral chargedparticle equilibrium.
RESULTS
3.A. Characterization of the dose distribution produced by a single carbon-ion beam
3.A.1. Depth-dose distributions
Two different beam-element widths, 0.5 and 3.0 mm, were selected for the grid irradiation studies. A beam-element width of 0.5 mm was considered to be of interest because of the high normal tissue tolerance expected for narrow beams.
6,11 The 3.0 mm beam-element width was selected as a representative case for larger beam elements which will be technically easier to produce. The irradiation setups with grids containing wider beam elements are also less sensitive to organ motion and setup errors. Figure 4 shows the calculated SOBP curves for the two carbon-ion beam-element widths selected for the grid irradiation studies. The parameter p in Eq. (1) was set to 1.44 and 1.56, for the 0.5-and 3.0-mm-wide beam elements, respectively. For the 0.5-and 3.0-mm-wide beams, the dose within the created SOBPs varied with less than 3%. For the smaller beam element, a higher entrance dose than SOBP dose can be observed (1.5 times larger), but the situation is nearly reversed for the larger beam-element size (1.7 times higher SOBP dose than an entrance dose).
3.A.2. The creation of the SOBPs
3.A.3. The variation of the beam width with depth
The increase of the beam full width at half maximum (FWHM) of the individual beam elements with depth was studied in detail due to the strong dependence of the biological effect of the irradiation on this variable. Figure 5 shows the variation of the beam width (FWHM) with depth for the 0.5-and 3.0-mm-wide carbon-ion beams, with energies varying in the interval 204.8 MeV/u-230.5 MeV/u, used to create the SOBPs shown in Fig. 4 .
For the 3.0-mm-wide beam, the FWHM is almost unchanged from the phantom surface down to the SOBP (at 9.0 cm) with a relative increase of about 10%. In contrast, the FWHM for the 0.5-mm-wide beam element increased with 300% from the surface down to the depth of the SOBP. The relative increase of the beam FWHM is smaller for carbon-ion beams compared to for example proton beams. 17, 21 The FWHMs increase rapidly beyond the depth of the Bragg peak, in the fragmentation tale, where secondary particles produced in nuclear interactions are transported. 26, 31, 32 In the fragmentation tail, the physical dose is low but a relatively high RBE has been observed. 33 The fragmentation tail is of importance for the tissue located in the vicinity of the target volume and it may affect the valley dose in the opposing grid, if crossfiring is used. Table II . The optimal c-t-c distances were decided according to the selection criterion described in Section 2.D.
As shown in Table II , larger ratios of the beam-element ct-c distance to the primary-beam width were found to be optimal for the narrow beam-element width (0.5 mm), even though the D T /D E values were reduced. This finding is related to the larger relative increase of the FWHM for the narrow beams. The dose distributions produced with the different irradiation setups, with the optimal c-t-c distances selected, are presented in the next section.
3.B.2. Single-grid irradiations
Dose distributions produced in a water phantom by a single carbon-ion beam grid with the optimal c-t-c distances selected (from Table II ), i.e., 1.0 mm for grids containing 0.5-mm-wide beam elements and 3.2 mm for grids containing 3.0-mm-wide beam elements, are shown in Fig. 6 .
The centermost peak dose in the grid increased below the phantom surface with 3.0-mm-wide beam elements, but decreased with 0.5-mm-wide beam elements, as shown in Fig. 7(a) . However, the increase of dose in the region of SOBP was about twice higher than what it was for the single beam element, shown in Fig. 4 . There is an increased contribution to the peak dose with increasing depth produced by lateral scattering of particles in the neighboring beam elements.
A higher entrance dose will have to be delivered with the grid containing 0.5-mm-wide beam elements, compared to the grid containing 3.0-mm-wide beam elements, to produce the same target dose. The reason for this increase is that the total beam area irradiating the target is smaller. This has to be balanced against the increase in tissue tolerance obtained with narrower beams and lower VPDRs.
The variation of the VPDRs with depth is shown in Fig. 7(b) . The VPDRs are close to 1.0 for the two grid irradiations already several centimeters from the target volume. Figure 8 shows the simulated dose distributions in the water phantom for the interlaced-crossfiring setup, shown in Fig. 2(b) . The grids contained 0.5-or 3.0-mm-wide beam elements, separated with optimal c-t-c distances of 2.0 mm or 6.4 mm (Table II) , respectively. With this setup, the grid pattern could be better preserved in the nontargeted volume close to the target, compared to the single-grid setup, in particular for grids containing 3.0-mm-wide beam elements, due to the large beam-element c-t-c separation used. In Fig. 9(a) , the variation of the peak doses with depth, produced in the centermost beam element, is shown. This depth-dose curve changes with depth, after the target volume, from the peak dose in one grid to the valley dose in the opposing grid. In this case, the peak dose for the grid with 0.5-mm-wide beam elements is decreasing more with depth, from the surface down to the target, compared to that obtained for the single grid. This is due to the smaller contribution to the peak dose from neighboring beam elements. In Fig. 9(b) , the VPDRs obtained with this setup are shown as a function of depth in water. The VPDRs are lower with this setup than for the single-grid irradiation and increase rapidly toward 1.0 in the vicinity of the target, in particular for the grid containing 3.0-mm-wide beam elements.
3.B.3. Crossfiring with interlaced grids
3.B.4. Orthogonal crossfiring
The dose distributions produced in water with the orthogonal irradiation setup, shown in Fig. 2(c) , for grids containing 0.5-and 3.0-mm-wide beam elements, with optimal c-t-c distances of 1.0 and 3.2 mm (Table II) , respectively, are shown in Fig. 10 . As shown in Fig. 11(a) , the target dose was increased by a factor of 2 with this setup for both beam elements, compared to the single-grid irradiations (Section 3.B.1). In Fig. 11(b) , the VPDRs obtained with this setup are shown as a function of depth in water. The optimal c-t-c distances and the VPDRs were similar for this setup as those obtained with the single-grid irradiations. The VPDR values were higher than those obtained with the interlaced setup due to the high valley doses produced by the proximity of the beam elements.
3.B.5. Combining the interlaced-and orthogonal crossfiring setups
In Fig. 12 , the simulated dose distributions produced by interlaced-crossfiring of four grids [ Fig. 2(d) ] containing 0.5-or 3.0-mm-wide beam elements with optimal c-t-c distances (Table II) of 2.4 or 6.4 mm, respectively, are shown. For this setup, the optimal c-t-c distance in the grids containing 0.5-mm-wide beam elements (Table II) was considerably larger than that obtained for the other irradiation setups, but for the setup with grids containing 3.0-mm-wide beam elements, the optimal c-t-c distance was the same as for the interlaced irradiation setup. Figure 13(a) shows the variation of the centermost peak doses with depth (the peak doses correspond to valley doses on the opposite side of the target). The orthogonal crossfiring of grids, combined with interlacing, makes the use of larger c-t-c distances possible, while maintaining adequate target dose coverage. The VPDRs obtained with this setup are shown in Fig. 13(b) .
3.B.6. Summary of the dosimetric results obtained for the grid irradiations
Table III summarizes the VPDR NT values and valley doses for each irradiation setup. They were determined at a distance of 0.5 cm from the target volume and, the valley doses were normalized to the target mean dose. The crossfiring setup with four interlaced beam-grids resulted in the lowest valley doses (the decrease was 89% and 88% for grids containing 0.5-mm-and 3.0-mm-wide beam elements, respectively, compared to the single-grid setup). Furthermore, the VPDR NT values decreased with an approximate factor of 4-5 with this setup, compared to the single-grid setup. 
DISCUSSION
In this work, we have studied different irradiation setups which potentially could be used for carbon-ion beam-grid therapy and evaluated the dose distributions which can be obtained with these setups with the use of a c-t-c distance selection criterion, while respecting the specified constraints. The simulation results showed that the beam-element width increased slowly with depth down to the depth of the posterior end of the SOBP. This can be expected to be of crucial importance to keep the toxicity of the grid therapy treatments at low levels. 4, 6, 8, 10 Based on these results, it is not possible to conclude that one of the beam-element widths used in this study (0.5 or 3.0 mm) is always preferable. These beam widths were selected as representative cases for grids containing either small (minibeams) or large (mm-wide) beam elements. When selecting between small and large beam elements, there are several other technical, physical, and biological aspects which should be considered. The doses given to the targets in radiosurgery are often inhomogeneous and can vary with up to 50%. 34 By allowing larger fluctuations in the dose distributions in the target volume, it will be possible to reduce the valley doses in the normal tissue further, which may enable an improved tissue repair and recovery. Furthermore, an entrance dose which is higher than target dose can in certain circumstances be accepted, depending on the tolerance doses of the traversed tissues.
For grid therapy, it should be borne in mind that the commonly used form of temporal fractionation will be increasingly difficult to perform with decreasing beam-element sizes. This is due to the difficulty to reposition the grid and to irradiate exactly the same tissue volumes in repeated sessions. A way to circumvent this difficulty would be to use new beam-grid angles of incidence for each treatment fraction, or a single-fraction treatment, which potentially could be combined with a session of more conventional fractionated radiotherapy.
If single-grid irradiations are used to deliver a uniform dose to the target, the valley dose is similar to the peak dose already at a distance of several centimeters from the target volume [ Fig. 7(b) ]. It would be difficult to irradiate the entire target with a high dose while irradiating the normal tissue with a valley dose which enables efficient repair. For example, if a dose of 20 Gy is prescribed to the target volume (i.e., a typical prescription in single-fraction radiosurgery), with the constraints set in Section 2.D, high (>12 Gy) and rather uniform doses, will be delivered to the normal tissue, already at several centimeters distance from the target volume. It is also in these volumes, receiving doses larger than 12 Gy, where the risk of treatment-related side effects is largest. 34, 35 Therefore, the single-grid uniform dose irradiations cannot be expected to reduce the incidence of side effects observed clinically after carbon-ion therapy in these volumes. As an alternative, more nonuniform dose distributions can be delivered to the target volume. This is also how grid therapy has been given in the past. [1] [2] [3] The doses near the target volumes can be reduced in proportion to the number of beam angles used if orthogonal crossfiring is used [ Fig. 2(c) ]. This is however not different compared to what is achieved with orthogonal crossfiring of uniform beams.
A setup based on interlaced-crossfiring can maintain the valley doses low outside of the target volume, while creating a uniform and high dose inside the target. The interlacedcrossfiring setup could potentially be used also for singlefraction uniform dose stand-alone treatments. If for example Fig. 12(a) ] and 7.8 Gy [ Fig. 12(b) ], respectively. The valley doses at 0.5 cm distance from the target would then be 1.7 Gy [ Fig. 12(a) ] and 1.8 Gy [ Fig. 12(b) ]. These doses will be much below the dose thresholds determined for severe side effects in normal tissue. 35 As shown in multiple studies related to grid therapy, it is important that the valley dose is maintained as low as possible. Bijl et al. showed that a valley dose ("dose bath") of only 4 Gy will reduce the tolerance doses determined for the spinal cord, considerably. 36 The interlaced-crossfiring techniques demand a high accuracy in the irradiation setup. Most notably, there is a certain risk to underdose the target volume with grid therapy, which must be handled. There are different strategies which can be used to reduce the risk of dose cold spots in the target volume. For example, by crossfiring beam grids which are slightly overlapping inside of the target volume, no harm will be caused as long as there is nothing within the target which should be spared.
Carbon-ion beam-grid therapy could be useful for radiosurgery of both intra-and extracranial targets, if the target volumes can be reasonably well immobilized. It could potentially reduce the frequency of side effects observed after radiotherapy, e.g., CNS or skin damage, 35 ,37-39 because of the high tissue tolerance to irradiations with narrow mm-wide beams. 6 If an invasive stereotactic frame is used for CNS treatments, a positioning uncertainty of less than 1 mm can be obtained. 40 Then, grids containing smaller beam elements of the order of 0.5 mm could be used. Grids containing larger beam elements, e.g., 3 mm, could potentially be used for treatments of extracranial targets. New methods to reduce the breathing motion amplitude are becoming available for clinical use. For example, if the treatments are performed during high-frequency jet ventilation, the breathing motion amplitude in the liver can be reduced to below 2 mm. 41 There are also other more technical difficulties which must be overcome before this kind of treatment can be given, e.g., how to collimate the narrow high-energy ion beams with thick metal slits. 42 However, carbon-ion beam elements in the millimeter range can be produced without additional collimation at carbon-ion therapy facilities which implies an important practical advantage of using beams of such widths. 43 
CONCLUSIONS
In this study, a new carbon-ion beam therapy method, with which the dose is delivered in a grid pattern, has been proposed. The width of the carbon-ion beam-grid elements increases slowly with depth and the valley dose produced inbetween the beam elements remains low down to large depths in tissue. The dose distributions produced by grids containing 0.5-and 3-mm wide beam elements had properties which could be useful for grid therapy. The formulation of a c-t-c distance selection criterion with constraints was found useful for ranking the grid therapy setups/plans. If a single-grid irradiation is used to irradiate the target volume with a uniform dose, the valley dose in-between the beam-grid elements will be high already at a rather large distance from the target. If the target volume is crossfired in the interlaced manner from several directions, the selection criteria, i.e., to produce a uniform dose in the target volume, while only irradiating the normal tissue with well-defined grids, could be reached. 
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